Redox-triggered FTIR difference spectra of FAD in aqueous solution and bound to flavoproteins.
Flavin adenine dinucleotide (FAD) and three different flavoproteins in aqueous solution were subjected to redox-triggered Fourier transform infrared difference spectroscopy. The acquired vibrational spectra show a great number of positive and negative peaks, pertaining to the oxidized and reduced state of the molecule, respectively. Density functional theory calculations on the B3LYP/6-31G(d) level were employed to assign several of the observed bands to vibrational modes of the isoalloxazine moiety of the flavin cofactor in both its oxidized and, for the first time, its reduced state. Prominent modes measured for oxidized FAD include nu(C(4)=O) and nu(C(2)=O) at 1716 and 1674 cm(-1), respectively, nu(C(4a)=N(5)) at 1580 cm(-1), and nu(C(10a)=N(1)) at 1548 cm(-1). Measured modes of the reduced form of FAD include nu(C(2)=O) at 1692 cm(-1), nu(C(4)=O) at 1634 cm(-1), and nu(C(4a)=C(10a)) at 1600 cm(-1). While the overall shape of the enzyme spectra is similar to the shape of the spectrum of free FAD, there are numerous differences in detail. In particular, the nu(C=N) modes of the flavin exhibit frequency shifts in the protein-bound form, most prominently for pyruvate oxidase where nu(C(10a)=N(1)) downshifts by 14 cm(-1) to 1534 cm(-1). The significance of this shift and a possible explanation in connection with the bent conformation of the flavin cofactor in this enzyme are discussed.